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Abstract 
 Blunted cardiovascular reactivity to acute psychological stress has been linked to a range 
of adverse health and behavioral outcomes.  However, the origins of blunted reactivity remain 
unclear.  The current study aimed to explore the following possibilities: different appraisals of 
task stressfulness and/or difficulty, diminished task effort, or reduced physiological capacity to 
respond.  Individuals characterized, via pre-screening, as blunted (n = 17) or exaggerated (n = 
16) heart rate (HR) reactors to acute psychological stress (socially evaluative mental arithmetic) 
were exposed to a psychological stress, cold pressor and exercise tasks  during a follow-up 
testing session while HR and blood pressure (BP) were measured.  At follow-up, groups again 
mounted significantly different HR reactions to psychological stress, despite reporting similar 
levels of subjective stress and difficulty, and achieving similar tasks scores (measure of task 
effort) at both testing sessions.  In response to the cold pressor and exercise blunted and 
exaggerated reactors displayed similar HR and BP responses.  Results indicated that blunted 
reactors do not differ from exaggerated reactors on appraisals of task stressfulness or difficulty, 
or objective task effort, and do possess the physiological capacity to respond to other laboratory 
challenges.  Other sources of blunted stress reactivity remain to be explored.   
 
Keywords: Stress, Cardiovascular Reactivity, Perceptions, Blunted, Exaggerated
AC
CE
PT
ED
 M
AN
US
CR
IP
T
ACCEPTED MANUSCRIPT
3 
 
1. Introduction 
Blunted cardiovascular stress reactivity refers to an objectively measured cardiovascular 
response to acute laboratory-based psychological stress that is comparatively lower than 
typically observed and may reflect an inability to effectively mobilize the stress-response system 
to cope with stressful situations (Phillips, Ginty, & Hughes, 2013; McEwen, 1998).  This 
reaction profile has received increasing research attention over the last decade as it has been 
shown to relate to a range of adverse health and behavioural outcomes.  For example, blunted 
stress reactivity has been linked cross-sectionally and prospectively to increased depressive 
symptomatology (Carroll, Phillips, Hunt, & Der, 2007; de Rooij, Schene, Phillips, & Roseboom, 
2010a; Phillips, Hunt, Der, & Carroll, 2011; Phillips, 2011; Salomon, Clift, Karlsdóttir, & 
Rottenberg, 2009; Salomon, Bylsma, White, Panaite, & Rottenberg, 2013; York, Hassan, Li, Li, 
Fillingim, & Sheps, 2007), obesity (Carroll, Phillips, & Der, 2008; Phillips, Roseboom, Carroll, 
& de Rooij, 2012), poor cognition, (Gao, Borlam, & Zhang, 2015; Ginty, Phillips, Der, Deary, & 
Carroll, 2011a,b; Ginty, Phillips, Roseboom, Carroll, & de Rooij, 2012a; Yano et al., 2016) and 
poor self-reported health (de Rooij & Roseboom, 2010b; Phillips, Der, & Carroll, 2009).  Also, 
individuals characterized by disordered eating (Ginty, Phillips, Higgs, Heaney, & Carroll, 2012b; 
Koo-Loeb, Pedersen, & Girdler, 1998), exercise dependence (Heaney, Ginty, Carroll, & Phillips, 
2011), and substance abuse (al’Absi, Hatsukami, & Davis, 2005; Lovallo, Dickensheets, Myers, 
Thomas, & Nixon, 2000; Panknin, Dickensheets, Nixon, & Lovallo, 2002; Sorocco, Lovallo, 
Vincent, & Collins, 2006) have also been shown to display blunted stress reactions.  
Consequently, blunted reactivity has, to some extent, taken on an identity as a biomarker for 
these conditions and behaviors.  However, although the correlates of blunted stress reactivity 
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have been extensively reported, the mechanisms underlying blunted cardiovascular stress 
reactions remain unexplored (Phillips et al., 2013).   
One possibility relates to task appraisal; blunted reactivity could potentially be the result 
of different subjective perceptions of stress or a reduced appraisal of task difficulty.  Studies of 
life stress have reported that perceptions regarding the stressfulness of life events relate more 
strongly to cardiovascular reactivity than do actual number of life events (Carroll, Phillips, Ring, 
Der, & Hunt, 2005; Ginty & Conklin, 2011).  Also, by biasing attention away from negative 
stimuli attenuated cardiovascular reactions have been achieved on subsequent stress exposures, 
suggesting an important role for stress perceptions in cardiovascular stress reactivity (Higgins & 
Hughes, 2012).  Likewise, attenuated or exaggerated perceptions of task difficulty may serve to 
alter cardiovascular stress responses.  In most, but not all studies (Willemsen, Ring, McKeever, 
& Carroll, 2000), an association between task difficulty and cardiovascular reactivity has been 
reported such that easy or overly challenging tasks result in diminished responses (Carroll, 
Turner, & Prasad, 1986a; Carroll, Turner, & Hellawell, 1986b; Richter, Friedrich, & Gendolla, 
2008).  However, some studies with tasks that were deemed neither too easy nor too challenging 
have failed to show significant differences in task difficulty ratings between groups characterized 
by different physiological responses (Ginty, et al., 2012b; Heaney et al., 2011).  Consequently, it 
remains possible that individuals exhibiting blunted reactivity perceive less stress or perceive the 
acute laboratory stress tasks as too easy or overly burdening compared to exaggerated 
responders.  
Another possibility is that blunted stress responses result from reduced participant effort 
(e.g., participants do not exhibit a robust cardiovascular response because they are not engaging 
with the stress task).  A key behavioral corollary of depression is a lack of motivation (Smith, 
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2013).  In fact, the Met variant of the Val158Met COMT gene has been shown to relate to 
increased depression and decreased motivation (Åberg, Fandiño-Losada, Sjöholm, Forsell, & 
Lavebratt, 2011), as well as blunted cardiac stress reactivity (Mueller, Strahler, Armbruster, 
Lesch, Brocke, & Kirschbaum, 2012), perhaps establishing a potential genetic origin for such 
behavior.  However, studies that have attempted to control for individual differences in task 
effort using subjective engagement and objective performance scores have found that blunted 
stress reactions remain after controlling for these factors (Ginty, et al., 2012b; Heaney et al., 
2011).  Similarly, recent studies using objective markers of task effort (e.g., words/minute in a 
speech task, pupil diameter) have found reactivity to operate independently of task effort 
(Salomon et al., 2013; Salomon et al., 2015).  Thus, it remains less likely that blunted reactivity 
results from low participant effort. 
Finally, it may be that individuals who display blunted stress reactions simply do not 
have the physiological capacity to respond.  Obese and depressed individuals, two populations 
that display blunted stress reactions, have been shown to exhibit autonomic dysfunction.  For 
example, several reviews concerning obesity and sympathetic nervous system activity have 
consistently suggested that obesity is related to basal sympathetic nervous system upregulation 
and decreased sympathetic nervous system reactivity to pharmacological challenges (Davy & 
Orr, 2009; van Baak, 2001; Young & Macdonald, 1992).  Further, experimentally induced 
weight gain and loss has been shown to lead to decreased and increased cardiac vagal tone, 
respectively (Aronne, Mackintosh, Rosenbaum, Liebel, & Hirsch, 1995, 1997), suggesting a 
relationship between weight and cardiac parasympathetic nervous system function.  Similarly, 
depressed individuals also display upregulated sympathetic activity, indexed by circulating 
catecholamines (Carney, Freedland, & Veith, 2005), and downregulated cardiac vagal tone, 
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indexed by decreased heart rate variability (Carney, et al., 2001).  Consequently, these autonomic 
phenotypes coupled with a recent meta-analysis that showed heart rate and blood pressure 
reactions to acute psychological stress are, to a large extent, driven by relatively equal amounts 
of cardiac vagal withdrawal and sympathetic activation (Brindle, Ginty, Phillips, & Carroll, 
2014) might suggest that autonomic dysfunction in these populations precludes the ability of the 
cardiovascular system to respond when faced with a range of challenges. 
The current study aimed to explore these three possible reasons for blunted stress reactivity: 
differential appraisals of stress or task difficulty, diminished participant effort, and reduced 
physiological capacity to respond.  The first was examined by recording subjective appraisals of 
stressfulness and difficulty in response to an acute psychological stress task.  Next, to probe 
participant mental effort during psychological stress, task score and the number of unattempted 
questions were recorded and used as objective measures of task effort.  Finally, to determine 
whether blunted reactors possess the physiological capacity to respond to a range of challenging 
tasks, cardiovascular responses of blunted and exaggerated mental stress reactors were also 
assessed during cold pressor exposure and exercise-stress tasks.  Based on previous evidence, it 
was hypothesized that, compared to exaggerated  mental stress reactors, blunted reactors would 
report less subjective stress and either low or overly high ratings of task difficulty, achieve 
similar task scores, and mount a blunted cardiovascular response to cold exposure and exercise-
stress tasks. 
2. Method 
2.1 Participants 
Thirty-three healthy young adults were recruited from a larger screening study (see below 
for further details of the screening study).  All participants were free from infection and refrained 
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from alcohol and exercise for 12 hours, smoking and caffeine for 2 hours, and eating for 1 hour 
prior to testing.  Several participants were taking medication (SSRIs (n = 2), daily asthma 
inhalers (n = 1), anti-epileptics (n = 1), and oral contraceptives (n = 2)).  Results of sensitivity 
analyses revealed that medication status had no effect on any of the study results so these 
participants were included in all analyses.  All participants gave informed written consent, 
received £20 for participating, and ethical approval was granted from the University of 
Birmingham Research Ethics Committee.    
2.2 Screening, Selection of Participants, and Mental Stress Task  
Screening participants (N = 276) completed the Paced Auditory Serial Addition Test 
(PASAT; Gronwall, 1977), a socially evaluative mental arithmetic task that has been shown to 
reliably elicit significant cardiovascular responses (Mathias, Stanford, & Houston, 2004; Ring, 
Burns, & Carroll, 2002).  After a standard 10-minute adaptation phase, the session consisted of 
three 10-minutes phases during which participants were instructed to sit quietly for the baseline 
and recovery phases.  During the stress phase, participants remained seated but were required to 
mentally sum consecutive single digit numbers, delivered via compact disk recording, and 
answer verbally while retaining the most recent number in memory in order to add it to the next 
integer presented.  Prior to commencement, participants were told that they were being 
videotaped for body language analysis and that they needed to look at their face live on the 
television screen throughout the task.  They were also told that their answers would be scored for 
accuracy.  A researcher present in the participant’s field of view actively scored performance and 
delivered brief bursts of aversive noise in response to incorrect answers, hesitation, or gazes not 
focused on the television screen.  In reality, participants were not videotaped and a 
predetermined number of noise bursts was delivered on a standardized schedule coinciding with 
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errors or pauses where possible.  These manipulations served to enhance the stress task by 
adding a socially evaluative component.  Participants started with 1000 points and lost 5 points 
for every wrong answer or unattempted question.  The final score and number of unattempted 
questions were calculated as objective indices of task effort.  Finally, a 6-point Likert-style scale 
anchored by not at all and extremely, was used to assess subjective ratings of task stressfulness 
and difficulty.    
Throughout all phases, HR and BP were measured discontinuously every 2 minutes using 
a semi-automatic sphygmomanometer (Omron, Milton Keynes, UK) with the blood pressure cuff 
placed over the left brachial artery.  Phase means were calculated and task reactivity was defined 
as the difference between the arithmetic means of the stress and baseline phases.  
Overall, the screening PASAT was rated as stressful (M (SD) = 4.17 (1.11)) and there 
was an overall significant increase in HR, F(1, 275) = 602.35, p <.001, η2 = .687, systolic blood 
pressure (SBP), F (1, 275) = 1245.47, p <.001, η2 = .819, and diastolic blood pressure (DBP), 
F(1, 275) = 1197.78, p <.001, η2 = .813.  In the whole sample, N = 276, reactivity (mean, 
standard deviation) for HR, SBP, and DBP were 17.08 (11.56) bpm, 18.25 (8.59) mmHg, and 
12.16 (5.84) mmHg, respectively.  Extreme cardiac reactors for the current study were recruited 
from the highest and lowest 15% of the HR reactivity spectrum.  In total, 85 participants were re-
contacted and 35 (41.18%) chose to participate in the follow-up study. Response rates for the 
blunted and exaggerated cardiac reactivity groups were 45.26% and 37.21%, respectively.   
Consequently, the average HR reactivity of the blunted reactor group (n = 17) was 2.27 (3.83) 
bpm, while average reactivity of the exaggerated reactors (n = 16) was 33.70 (10.32) bpm.   
2.3 Follow-up Testing Procedure 
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The participants identified from screening as exaggerated or blunted HR reactors 
attended an additional laboratory session, on average 18.88 (range: 9.4 - 31.8) weeks, after 
screening.  Similar to the screening procedure, participants were required to abstain from 
alcohol, exercise, smoking, caffeine, and eating prior to testing, and all self-reported that they did 
not have a current acute illness.  After instrumentation, participants experienced a 10-minute 
adaptation period before task commencement.  Participants then completed the same PASAT as 
in screening followed by a cold pressor task, sub-maximal exercise, and a sub-maximal VO2 
estimation task.  The PASAT and cold pressor were counterbalanced while the submaximal 
exercise and sub-maximal VO2 task remained in fixed order after the PASAT and cold pressor.  
Each task had individual baseline, tasks, and recovery phases.  For the cold pressor task each 
phase was 4min whereas for the exercise task each phase lasted 5min.   
2.4 Cold Pressor Task 
Participants were required to sit quietly during baseline and recovery phases.  During the 
stress phase, participants submerged their left foot in a water bath (10
O
C) for 4 minutes.  These 
conditions were chosen so that an adequate amount of physiological data could be collected.       
2.5 Sub-maximal Exercise Task 
Participants sat quietly during baseline and recovery phases.  During the stress phase, 
participants engaged in 5 minutes of steady state cycling at a workload of 50W (Ring, Harrison, 
Winzer, Carroll, Drayson, & Kendall, 2000).   
2.6 Sub-maximal VO2 Estimation Task.  
The standardised bicycle YMCA protocol (Golding, Myers, & Sinning, 1989) was used 
to estimate maximal aerobic capacity, VO2.  Briefly, starting at 50W, participants complete 
consecutive 3 min stages of increasing workload according to a standardised algorithm until 75% 
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maximum HR is reached, defined as 220bpm – age.   Following completion, sex, age, weight, 
and the workload (in Watts) and HR associated with the final two stages undertaken by the 
participant were used to derive an estimated VO2 max score.  This protocol has been validated 
against various VO2 max tests and been shown to accurately estimate aerobic capacity (Beekley, 
et al., 2004).   
2.7 Cardiovascular Measures and Data Reduction 
Heart rate was measured continuously during all task phases via three-lead 
electrocardiogram (ECG).  Beat-to-beat SBP and DBP was measured during all tasks from the 
middle finger of the supported non-dominant hand using a Finapres system (Ohmeda 2300, 
Louisville, CO, USA).  Finapres measures were corrected with absolute measurements taken 
using a semi-automatic sphygmomanometer and BP cuff placed over the brachial artery of the 
dominant arm.  As the screening session used a brachial cuff to measure BP, correcting Finapres 
measures with brachial arm BP measures also served to facilitate comparison of reactivity across 
testing sessions.  Measures of HR, SBP, and DBP were averaged for each task phase, and task 
reactivity for each task was defined as the arithmetic difference between stress and baseline 
phase means for each respective task.   
2.8 Statistical Analyses 
Differences in group characteristics were assessed using one-way analysis of variance 
(ANOVA) and chi-square.  First, mixed (2: testing session x 2: group) ANOVAs were used to 
assess whether groups remained significantly different on HR reactivity at follow-up and if 
groups differed on PASAT performance or self-reported stress at either time point.   Next, to 
compare blunted and exaggerated reactors on reactivity scores from the cold pressor and exercise 
tasks, to determine whether blunted reactors have the capacity to respond to stress tasks other 
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than mental stress, multivariate ANOVAs (MANOVA) were used for each task grouping HR, 
SBP, and DBP reactivity scores.  Significant effects of group were followed-up with one-way 
ANOVAs for each reactivity variable.  Removal of one multivariate outlier from the blunted 
reactor group during analysis of exercise reactivity failed to change the results and was thus kept 
in the reported analyses; no multivariate outliers were emerged from cold pressor analyses.   
Finally, group differences in VO2 max were analysed with one-way ANOVA.  For reasons 
related to Due to technical error and occasional participant non-compliance, a small number data 
points were missing/excluded from analyses (≈1%). Specifically, 3 participants did not complete 
the submaximal VO2 task and one participant failed to complete the cold pressor task.  
Sensitivity analyses including partial data from each of these four participants did not change any 
results.  Consequently, these participants were excluded from analyses where partial data was 
present and reported analyses reflect complete data.  Partial eta
2
 values are presented as measures 
of effect size, data are presented as mean (standard deviation) unless otherwise stated, and 
significance was operationalized as p <.05.   
3. Results 
3.1 Validation of Blunted and Exaggerated Responder Groups  
 Sixteen exaggerated cardiac reactors and 17 blunted cardiac reactors returned for follow-
up testing.  Blunted and exaggerated cardiac reactors did not differ in age, BMI, gender, or waist-
hip ratio (Table 1).  Analysis with mixed ANOVA revealed a significant main effects of testing 
session, F(1, 31) = 29.53, p <.001, η2 = .488, and group, F(1, 31) = 143.84, p <.001, η2 = .823, 
for HR reactivity.  On average, HR reactivity was higher during the screening session and in the 
exaggerated group.  A significant testing session x group interaction emerged, F(1, 31) = 62.48, p 
<.001, η2 = .668.  As expected, post-hoc analysis showed that exaggerated reactors, in both 
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testing sessions, registered significantly higher HR reactivity scores compared to blunted 
reactors, despite HR reactivity significantly declining across sessions in the exaggerated group 
(Figure 1A).  Critically, in neither testing session did baseline HR significantly differ across 
groups, F(1, 31) = .446, p = .509, η2 = .014.  For blood pressure, a main effect of time was found 
for both SBP, F(1, 29) = 9.77, p = .004, η2 = .252, and DBP, F(1, 29) = 12.35, p = .001, η2 = 
.299; reactivity during screening was higher than at follow-up.  A significant main effect of 
group was found for SBP, F(1, 29) = 14.74, p = .001, η2 = .337, while a marginally significant 
effect of group was found for DBP, F(1, 29) = 3.44, p = .07, η2 = .106.  In both cases 
exaggerated reactors displayed greater reactivity.  No significant testing session x group 
interaction was found for either SBP or DBP (Figure 1B & C). 
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Table 1. Group Characteristics and PASAT Score and Appraisals  
 Blunted Reactors M(SD) 
N = 17 
Exaggerated Reactors M(SD) 
N = 16 
p 
Age (years) 20.35 (2.60) 19.81 (1.05) .44 
BMI (kg/m
2
) 22.39 (2.74) 23.46 (2.21) .23 
Waist to Hip Ratio 0.79 (0.04) 0.79 (0.05) .83 
Gender (% male) 52.94 68.75 .35 
 Blunted Reactors 
M (SD) 
Exaggerated Reactors 
M(SD) 
 Screening Follow-up Screening Follow-up 
Subjective Stress, 0-10 scale 6.74 (2.33) 6.64 (1.1) 7.54 (1.11) 6.36 (1.60) 
Subjective Difficulty, 0-6 scale 4.12 (0.99) 4.18 (0.81) 4.06 (0.93) 3.94 (0.83) 
PASAT Score, max 1000 693.82 (167.80) 718.82 (142.93) 746.56 (147.54) 770.31 (135.41) 
PASAT Unattempted 
Questions, max 212 
49.35 (28.95) 38.35 (26.82) 36.06 (26.22) 27.13 (21.96) 
Note: No significant difference between groups on score, unattempted questions, stress, or difficulty in 
either screening or follow-up testing sessions. 
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Figure 1. A. Heart rate, B. Systolic, and C. Diastolic blood pressure reactivity to mental stress 
across testing two consecutive sessions in blunted (n = 17) and exaggerated (n = 16) cardiac 
reactors. Error bars represent standard error of the mean. *indicates significant group difference, 
p < .05 
A. 
B. 
C. 
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3.2 Source 1: Different Appraisal of Stress Task 
Mixed (2: testing session x 2: group) ANOVAs did not reveal any significant main 
effects of testing session or group, or testing session x group interaction for measures of 
subjective PASAT stressfulness (p range:  0.09-0.59)  or difficulty (p range:  0.58-0.85; Table 1).  
3.3 Source 2: Diminished Effort 
No significant main effect of testing session (p = 0.09) or group (p = 0.31) was observed 
for PASAT score.  Similarly, no significant testing session x group interaction emerged (p = 
0.96); in both testing sessions no significant difference of PASAT score between groups was 
present (Table 1).  For unattempted PASAT questions there was a significant main effect of 
testing session (p < .001); there were fewer unattempted questions at follow-up.  However, no 
significant main effect of group (p = .18) or testing session x group interaction (p = .63) was 
observed.  
3.4 Source 3: Reduced Physiological Capacity to Respond 
For illustrative purposes, reactivity change scores for each group to the cold pressor and 
exercise tasks are plotted in Figure 2.  MANOVA failed to reveal a significant main effect of 
group for cold pressor, F(3, 28) = .080, p = .97, η2 = .009, or exercise, F(3, 28) = .547, p = .66, η2 
= .055, reactivity; groups did not differ on HR, SBP, or DBP reactivity in either task.  No 
significant group difference emerged for estimated VO2 max, F(1, 28) = .012, p = .92, η
2
 < .001, 
(Figure 2).  
AC
CE
PT
ED
 M
AN
US
CR
IP
T
ACCEPTED MANUSCRIPT
16 
 
 
Figure 2. Cardiovascular reactivity values and submaximal VO2 max in blunted (n = 17) and 
exaggerated (n = 16) cardiac reactors.  No significant group differences emerged for any of the 
tasks. Error bars represent standard error of the mean. CP = Cold Pressor Task, Ex = Exercise 
Task 
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4. Discussion 
 The present study aimed to empirically test three possible sources of blunted cardiac 
reactivity to acute psychological stress:  deficient appraisals of task stressfulness and difficulty, 
diminished task effort, and a reduced physiological capacity to respond.  Participants displaying 
extreme (i.e., blunted or exaggerated) HR responses to a standardized acute mental stress test 
were re-exposed to acute psychological stress, and also to cold pressor, and exercise tasks.  At 
both testing sessions, groups did not differ on subjective appraisals of task stressfulness or 
difficulty.  Similarly, groups appeared to exert the same amount of task effort at both testing 
sessions, indicated by similar psychological stress task scores.  Finally, groups did not 
significantly differ on cardiovascular reactivity to either the cold pressor or exercise tasks. These 
data are consistent with the hypothesis that individuals displaying blunted cardiac stress 
reactivity do not differ from exaggerated reactors in task appraisals or effort and do have the 
physiological capacity to respond to challenging conditions. 
 From a psychological perspective it has been suggested that blunted stress reactions may 
originate from a differential task appraisal in favor of reduced awareness of stress.  However, 
results of the current study do not support this source of blunted responding as groups did not 
differ on subjective measures of PASAT stressfulness or difficulty in either of the two testing 
sessions, yet in both sessions registered significantly differed cardiac responses. These results 
resonate with other studies that have failed to consistently demonstrate an association between 
perceived stress and reactivity (Allen, Batty, Dodd, & Young, 1985; Schwerdtfeger, 2004).  
Further, it has been reported that individuals with high levels of anxiety or depression appraise 
stress tasks as highly stressful yet exhibit blunted reactivity (de Rooij et al., 2010a; Duncko, 
Makatsori, Fickova, Selko, & Jezova, 2006; Salomon et al., 2009).  Also, individuals high in 
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neuroticism or low on openness showed blunted cardiovascular and cortisol reactions to a battery 
of stress tasks despite rating them as more stressful (Bibbey, Carroll, Roseboom, Phillips, & de 
Rooij, 2013).  Finally, a meta-analysis concluded that the influence of task-induced negative 
emotion on physiological reactivity was limited (e.g., small effects; Feldman, Cohen, Lepore, 
Matthews, Kamarck, & Marsland, 1999).  Thus, given that blunted reactivity is observed 
alongside relatively normal or increased appraisals of stress, it would appear, then, that 
cardiovascular reactivity and stress appraisal operate, to some extent, independently (de Rooij et 
al., 2010a).  
Diminished task effort has been suggested as a candidate source of blunted stress 
reactivity (Wright, Martin, & Bland, 2003).  However, results from the current study do not 
support this notion as groups did not differ in either testing session on objective PASAT score or 
number of unattempted PASAT questions, proxy measures of task effort.  These results bolster 
initial reports that found that blunted reactions were independent of subjective effort and task 
score (Ginty et al., 2012b; Heaney et al., 2011).  What is more, these results resonate with more 
recent studies that have objectively measured participant effort and found stress reactivity to be 
unrelated to measures of effort.  For example, a study employing a speech task reported that, 
relative to controls, individuals with major depression exhibit blunted stress reactivity but failed 
to differ from control subjects on number of words used in the speech, number of prompts from 
the experimenter to continue speaking, or number of words signaling dysfluency (Salomon et al., 
2013).  In another study, pupil diameter reactivity, an accepted index of cognitive effort, and 
cardiovascular reactivity were measured in response to a digit span test and were found to be 
unrelated suggesting that task effort does not drive cardiovascular stress reactions (Salomon et 
al., 2015).   
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Finally, that blunted cardiac stress reactors responded no differently than exaggerated 
cardiac reactors to the cold pressor and exercise tasks and registered similar scores on the 
submaximal VO2 test strongly suggest that blunted stress reactors do possess the capacity to 
respond physiologically to other challenging conditions and do not differ from exaggerated 
reactors in aerobic capacity.  In fact, reactivity values in both groups were consistent with 
previously observed reactivity values from our research group’s prior studies utilizing the same 
tasks in random samples of healthy young adults (Ring et al., 2000; Winzer et al., 1999).  In 
other words, blunted stress reactivity is not the result of generally compromised physiological 
regulation.  These data accord with those from other studies that appear to suggest that blunted 
stress reactivity manifests only in response to psychological stress tasks that require active 
coping.  For example, in a study of individuals with varying levels of depressive 
symptomatology, symptom level predicted blunted stress reactivity in response to active (a 
speech task and viewing of the speech task performance) stressors, but not a passive (cold 
pressor) stressor (Schwerdtfeger & Rosenkaimer, 2011).  In two other independent samples of 
clinically depressed participants, blunted stress responses were recorded in response to a speech 
task but effects pertaining to mirror tracing and cold pressor tasks were small to nonexistent 
(Salomon et al., 2009; Salomon et al., 2013).              
In light of the present results the question still stands though: what is the origin of blunted 
stress reactivity?  Several possibilities still exist.  First, blunted stress reactivity may result from 
central motivational dysregulation; suboptimal functioning of the central nervous system 
substrates that support motivation and motivated behavior (Carroll, Lovallo, & Phillips, 2009; 
Carroll, Phillips, & Lovallo, 2011; Lovallo, 2011).  Emerging evidence is supportive of this view 
as two studies comparing extreme blood pressure (Gianaros, May, Siegle, & Jennings, 2005) and 
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cardiac reactors (Ginty, Gianaros, Derbyshire, Phillips, & Carroll, 2013) found that extreme 
reactors display disparate activation patterns in sub-regions of the cingulate cortex, insula, and 
amygdala while under mental stress.  Second, titration of the cardiovascular response by some 
other physiological system may manifest in a blunted response profile.  For example, increases in 
cardiac output are can be accommodated, to a large extent, by inverse changes in vascular 
resistance (James, Gregg, Matyas, & Hughes, 2012).  Thus, blunted reactors may simply be 
exhibiting a greater degree of compensation compared to other reactors.  Similarly, Berntson and 
colleagues (1991, 1994) pointed out that the parasympathetic and sympathetic nervous systems 
do not lie on a continuous spectrum but are orthogonal.  This makes possible a scenario whereby 
blunted reactors have dual activation of the parasympathetic and sympathetic nervous systems, 
which through antagonist action on each other produce a weak net reaction.  In other words, from 
the perspective of the peripheral nervous system, blunted reactors may not be producing a 
blunted response per se.  Nonetheless, these possibilities require empirical support and 
emphasize the need to assess reactivity using multivariate approaches across multiple 
physiological systems.  Finally, emerging research concerning early childhood adversity is 
beginning to bring to light the possibility that blunted stress responses are a product of naturally 
selected adaptation processes.  Although not all reports are consistent (Heim, et al., 2000; 
Leucken, 2000), both laboratory (Carpenter et al., 2007; MacMillan et al., 2009) and 
epidemiological (Lovallo, Farag, Sorocco, Cohoon, & Vincent, 2012) studies have demonstrated 
that individuals who report having experienced adverse childhood trauma display blunted 
cardiovascular and cortisol responses later in life.  This is also consistent with cross-sectional 
evidence indirectly linking negative life events with blunted stress reactivity (Ginty, Masters, 
Nelson, Kaye, & Conklin, in press; Phillips, Carroll, Ring, Sweeting, West, 2005).   
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 The current study is not without limitations. First, these data concern young healthy 
participants and although males and females were included in the study, generalizability to older 
adults remains to be determined.  Second, it could be argued that the small sample size of each 
group detracts from the results.  However, extreme groups were obtained from an initially large 
sample (N = 276) and recruited for additional testing using a strict 15
th
 percentile rule.  Also, at 
follow-up, group differences in HR reactivity still remained suggesting that the sample size was 
large enough to detect group differences in cardiovascular reactions.   Finally, recruiting extreme 
groups is not an uncommon research strategy (Gianaros et al., 2005; Ginty et al., 2013).  It 
should be noted that at follow-up groups did not significantly differ in blood pressure reactivity.  
This is most likely due to the fact that blood pressure varies as a function of not only cardiac 
activity but also vascular changes due to local metabolic and myogenic factors (Chopra, Baby, & 
Jacob, 2011).  Third it could be argued that individual differences in cardiac reactivity are not 
temporally stable.  However, results from the present study showed that groups remained 
significantly different on HR reactivity at follow-up, bolstering previous research that has shown 
individual differences in cardiovascular reactivity to be stable over years (Ginty et al., 2013; 
Hassellund, Flaa, Sandvik, Kjeldsen, & Rostrup, 2010; Kasprowicz, Manuck, Malkoff, & 
Krantz, 1990; Sherwood, Turner, Light, & Blumenthal, 1990).  
 In summary, this study examined possible sources of blunted cardiovascular reactions to 
acute psychological stress.  Results indicated that individuals who exhibit blunted cardiac 
reactivity to psychological stress do indeed have the capacity to respond to other cardiovascular 
challenges, as evidenced by their normative responses to other non-mental stress tasks.  In 
addition, blunted stress reactions did not appear to result from a lower level of perceived stress, 
decreased task effort, or deficient appraisal of task difficulty.   
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 Highlights  
 
 
Blunted reactors do not differ from exaggerated reactors in objectively measured task effort  
-mental stress tasks were observed  
 to be characterized  
